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Abstrak 
Deret tak hingga adalah salah satu materi kalkulus yang sulit bagi mahasiswa. Ini perlu dianalisis aktivitas 
kognitif siswa untuk menyiapkan perencanaan pembelajaran. Tujuan penelitian ini adalah untuk 
mendeskripsikan karakteristik level trans tentang seri infinite. Subjek penelitian ini adalah siswa 
Pendidikan Matematika, salah satu universitas di Bengkulu. Sebanyak 5 orang dipilih dari 29 siswa 
berdasarkan kemampuan kognitif mereka. Subjek diwawancarai berdasarkan tugas yang diberikan. Data 
dinalisis melalui dekomposisi genetiknya. Hasil penelitian adalah subjek dapat mengoordinasikan objek 
dan proses lain, sehingga skema matang terbentuk tentang konvergensi barisan dan deret tak hingga. 
Simpulannya: subjek mampu melakukan tematisasi sehingga menghasilkan karakteristik yang lebih 
sesuai dengan level trans 
Kata Kunci: apos, karakteristik, level trans
 
 
 
THE TRANS LEVEL CHARACTERISTICS 
ABOUT INFINITE SERIES 
 
Abstract 
Infinite series is one of the difficult calculus material for students. It needs to be analyzed the cognitive 
activities of students to make it easier for lecturers to arrange learning plans. The purpose of this study is 
to describe the characteristics of the trans level about infinite series. The subject of this research was a 
student of Mathematics Education, one of the universities in Bengkulu. A total of 5 people were selected 
from 29 students based on their cognitive abilities. Subjects were interviewed based on the assignment 
given. Data is analyzed through its genetic decomposition. The results of the study are that subjects can 
coordinate other objects and processes, so that the scheme is formed about the convergence of infinite 
series and sequences. Conclusion: the subject is able to do thematization so that forming a mature scheme 
is a trance level characteristic.  
Keywords: apos, trans level, characteristics 
 
1. Intoduction 
Real analysis is one difficult subject. Its 
structuralitic characteristics make students many 
obstacles (Widada, 2016) (Suharto & Widada, 
2019b). It is primarily the ability to prove and 
compile his arguments (Widada et al., 2019) (Jr & 
Vidakovic, 2015). One of them is proving 
convergence of infinite series or sequence.  
Therefore, this needs to be addressed 
through meaningful learning (D. Herawaty, 
Widada, Novita, Waroka, & Lubis, 2018) (Brijlall 
& Bansilal, 2011). Students must be trained to 
make arguments in solving problems (Tziritas, 
2011). To make a meaningful learning plan, the 
lecturer must know the students' initial abilities. It 
is stored in long-term memory. The mathematical 
learning that is meaningful makes it easy for 
students to develop mature schemes in the 
student's body of knowledge (Widada et al., 
2019). We must dig it through task-based 
interviews. This is one technique in needs 
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analysis. The lecturer ensures students have 
sufficient initial knowledge to study further. 
Students are active information processors. 
Students are able to represent each information 
according to the level of knowledge they have 
(Widada, 2006). Cognitive development is not an 
accumulation of separate information, but rather is 
the construction of a mental framework by 
students to understand their environment. Free 
students build their own understanding (Widada, 
2002). 
Abstraction is the main focus in extensive 
educational problems, including mathematics 
education (Widada, Sunardi, Herawaty, Pd, & 
Syefriani, 2018) (Dewi Herawaty & Rusdi, 2016). 
In this case the process aspect takes precedence 
over the outcome. (Tsamir & Dreyfus, 2002) 
states that the process of abstraction is a process 
where students are given the freedom to 
reorganize mathematics vertically in a 
mathematical structure. Abstraction requires a 
thought process and its own ability to present 
knowledge to obtain new structures. It is the main 
activity that can be carried out by individuals in 
obtaining a picture of a conclusion logically from 
the information presented (Widada, 2016).  
Efforts to understand students' abilities 
have been carried out by several previous studies 
through task-based interviews. One of them is 
task-based interviews about convergence of 
infinite series (Widada, 2006). Cognitive structure 
capable of adapting a new stimulus will give its 
own meaning to individuals in learning. An 
individual is free in developing his thought 
patterns in realizing his learning experience 
(Widada & Herawaty, 2017). 
Intellectual development is very influential 
on mental activities carried out by individuals in 
specifying a problem through cognitive levels, 
both the level of empirical thinking and the level 
of theoretical thinking possessed (Suharto & 
Widada, 2019a)(Suharto & Widada, 2019b). 
Personal ability to associate existing knowledge 
structures with other components associated with 
these structures greatly influences the process of 
abstraction carried out (Widada et al., 2019).  
  Students understand mathematical objects 
through a process to achieve a concept. According 
to Gray & Tall (2007), the shift from arithmetic to 
algebra involves abstraction from arithmetic 
counting operations to the use of expressions that 
represent general arithmetic operations. Such 
transitions prove to be relatively easy for some 
who have a flexible, arithmetic approach, but it is 
far more difficult for those who continue to think 
of pure expressions in procedural terms. This 
requires interconnection between schemes 
(Widada et al., 2019). There are five levels in the 
interaction of the new model scheme. The five 
levels are sequentially ordered, intra level as level 
0, semiinter level as level 1, inter level as level 2, 
semitrans level as level 3, and trans level as level 
4 (Widada & Herawaty, 2017).  
To analyze students' thinking activities in 
understanding mathematics can be done through 
genetic decomposition (Widada, 2006) (Widada 
& Herawaty, 2017)(Widada et al., 2019). It is the 
operationalization of the APOS Theory 
(Dubinsky, 2010). APOS theory is a constructivist 
theory about how the possibility of achievement / 
learning of a mathematical concept or principle, 
which can be used as an elaboration of mental 
constructs of actions, processes, objects, and 
schemes (Dubinsky & Mcdonald, 
2001)(Dubinsky, 2010)(Zazkis & Campbell, 
1996).  
Thinking activity is a pattern of interrelated 
ideas that appear to be clearly related in one's 
thinking (Widada, 2016). The pattern of ideas can 
be seen through the mental construction of a 
person who is made to achieve and understand 
mathematical concepts and principles. An 
understanding of mathematical concepts is the 
result of the construction or reconstruction of 
mathematical objects. Construction or 
reconstruction is carried out through activities in 
the form of mathematical actions, processes, 
objects organized in a scheme to solve a problem 
(Widada et al., 2019) (Herawaty & Widada, 
2018).  
Thus, we focus on discussing how 
cognitive processes of students are at the trans 
level. Students are triggered through task-based 
interviews about the convergence of infinite 
series. 
 
2. Methods  
The subject of this research was students of 
Mathematics Education, one of the universities in 
Bengkulu. A total of 5 people were selected from 
29 students based on their cognitive abilities. This 
research was conducted in a participatory manner 
in the regular learning process. Subjects were 
interviewed based on the assignment given. 
students are asked to solve the problem: 
Sequences (uk) are known, with uk = cos (/k). 
a. Investigate, is (uk) convergent? If yes, specify 
limk cos (/k). 
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b. Then determine, is it  convergent? Show 
the truth of your conclusions!  
(Hint: to complete part b, if necessary you can 
use completion of part a) 
 
The subject was explored about cognitive 
processes in solving the problem of convergence 
of infinite series. The main instrument is the 
researcher himself. Data were analyzed 
qualitatively by applying genetic decomposition. 
To get the characteristics of the trans level, the 
description of genetic decomposition is continued 
by the fixed comparison method (Glaser & 
Strauss, 1980). 
 
3. Result and Discussion 
Data from task-based interviews were 
analyzed through genetic decomposition of 
convergence of infinite series. Thinking activities 
begin with the registration of the initial stimulus, 
which is followed by a process through the 
infinite interiorization given. A few minutes 
students finish paper and pencil. Then he was 
immediately interviewed based on work in his 
paper. He was asked to explain the process and 
results of problem solving. Here are some 
excerpts of interviews with the subject of KM.  
P: You asked me to solve the Problem 2 about 
the convergence of infinite series. Please 
complete the problem! 
KM2.01: Thank you [... Shut up ...] [KM works 
with paper and pens to solve problems for 
10 minutes.] 
P: Okay! You have solved problem 2, please 
explain! 
KM2.02: Know (uk) a sequence with uk = cos 
(π / k). To investigate convergence (uk), 
there is a theorem which states that, if (uk) 
is monotonically up and limited, then (uk) 
is convergent. 
P: Okay! ... 
KM2.03: because k <k + 1 for every natural 
number k, then π / k> π / (k + 1), and ... 
cos (π / k) <cos (π / (k + 1)) , for every k∈ 
N, the meaning of the sequence is 
monotonically up. [KM designates 
worksheets like KM2.03] 
P: Okay! 
KM2.04: Then it can be taken that 0 <π / k <π, 
for every k∈ N, so cos 0> cos π / k> cos π, 
the value is equal to 1> cos π / k> -1, 
which means the sequence it's limited. 
[KM shows work results as intended by 
KM2.04] 
P: What can you conclude! 
KM2.05: ... convergent sequence (cos π / k) and 
limit from (cos π / k) to k to infinity equal 
to 1. [KM designates worksheet like 
KM2.05] 
P: Why 1? 
KM2.06: Because the limit k towards infinity of 
cos (π / k) is equal to cos from the limit for 
k to infinity of (π / k) equals cos 0 and the 
result is 1. [KM refers to sheet. 
 
Footage of the interview suggests that KM 
can coordinate objects in KM2.02, and processes 
KM2.03-KM2.06, so that a mature scheme of 
convergence is formed. The results of this scheme 
are conclusions about the sequence (uk) 
converging with its limits 1. As the results of the 
study by Widada & Herawaty (2017) the subject 
builds a link between actions, processes, objects, 
and other schemes (doing retrieval of the previous 
schema ) (Baker, Cooley, Trigueros, & Trigueros, 
2000), so that a mature schema is formed. The 
same results can also be seen (Widada, 2015), 
(Widada et al., 2019), (Widada & Herawaty, 
2017). 
The subject was asked to explain the 
convergence of infinite series. The results of task-
based interviews are summarized in the following 
snippet. 
P: Okay! ... Now what about part b? 
KM2.07: ... for which b) I use the theorem, that 
if the infinite series ∑   is convergent, the 
limit of the row (uk) is equal to 0. And 
what I use is counterparts; if the line limit 
(uk) is not equal to 0, then the infinite 
series ∑   is not convergent. [KM shows 
the theorem written on the worksheet as 
meant by KM2.07] 
P: Why is that! 
KM2.08: Because from part a) it has been 
found that the limit from (cos π / k) to k to 
infinity equals 1 which means it is not 
equal to zero. . [KM designates worksheets 
like KM2.08] 
Q: What are your conclusions? 
KM2.09: ... with infinite ∑    not convergent. 
P: What is the next explanation! 
KM2.10: For example, the series does not 
converge to s, and also the infinite series 
uk + 1 converges to s, whereas uk =∑   
 ∑    , means the limit un to n to infinity 
is equal to s - s = 0. [KM designates 
worksheets like KM2.10] 
P: Which one do you show? 
KM2.11: ... the theorem used ... which is 
equivalent to its counterparts. 
uk
k


1
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Excerpts of this interview make it clear that 
KM can coordinate the object and its progress in 
KM2.07, and the scheme of converging sequence 
parts a) (see KM2.08), and the KM2.10 process so 
that a mature scheme is formed about converging 
infinite series. 
Based on genetic decomposition of 
convergence of infinite series, the development of 
convergence schemes and the development of the 
convergence scheme of series are infinite. For 
convergence conditions, KM can coordinate 
objects and processes, so that a mature scheme is 
formed about the convergence of sequences. From 
the description above, and according to the 
characteristics of the triad theory (Cooley, 
Trigueros, & Baker, 2007)(Baker et al., 
2000)(Zazkis & Campbell, 1996), for the 
convergent conditions of the given sequence, KM 
enters the trans level. 
For conditions of infinite series 
convergence, KM can coordinate object 
processes, and schemes about convergence of 
sequences, so that a mature scheme of converged 
infinite series is formed. The characteristics of the 
triad theory (Dubinsky, 2000)(Widada, 2016), for 
the conditions of the function given, KM enters 
the trans level. KM can coordinate objects and 
processes, so that a mature scheme is formed 
about the convergence of sequences. The mature 
scheme of convergence of these sequences is 
coordinated by KM with other object processes, 
so that a mature scheme is formed about 
convergence of infinite series and sequences. KM 
is students who are at the trans level (Widada, 
2015). He can coordinate other objects and 
processes, so that a mature scheme is formed 
about the convergence of infinite series and 
sequences. 
 
4. Kesimpulan 
Genetic decomposition analysis of the 
convergence of infinite series shows results that 
are consistent with previous studies. Therefore we 
believe that the characteristics of the trans level of 
infinite series are that students are able to 
coordinate the action-process-objects and 
thematic schema. This results in a mature scheme.  
Finally, we would like to thank the 
Chancellor, Dean of FKIP and PMIPA department 
head at the University of Bengkulu. 
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